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CONTROLLED DISINTEGRATING
IMPLANTABLE MEDICAL DEVICES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to implantable medical devices for
treating bodily disorders local and distal to a region of
implantation.

2. Description of the State of the Art

This mvention relates generally to implantable medical
devices for treating bodily disorders. A typical treatment regi-
men with an implantable medical device mvolves implanta-
tion of a device at a selected treatment location. During treat-
ment 1t may be necessary for the device to support body
tissue. Theretfore, the structure of a device may include load
bearing structural elements or substrate to hold the device in
place and to resist forces imposed by surrounding tissue.

The treatment of a bodily disorder may also involve local
delivery of a bioactive agent or drug to treat a bodily disorder.
The agent may be incorporated into the device 1n a variety of
ways and delivered directly to an aftlicted region at or adja-
cent to a region of implantation.

Additionally, in many treatment situations, the presence of
the device 1s required only for a limited period of time. There-
fore, a device may be composed in whole or 1 part of mate-
rials that degrade, erode, or disintegrate through exposure to
conditions within the body until the treatment regimen 1s
completed.

An example of such devices includes radially expandable
endoprostheses, which are adapted to be implanted 1n a bodily
lumen. An “endoprosthesis” corresponds to an artificial
device that 1s placed 1nside the body. A “lumen” refers to a
cavity of a tubular organ such as a blood vessel.

A stent 1s an example of such an endoprosthesis. Stents are
generally cylindrically shaped devices, which function to
hold open and sometimes expand a segment of a blood vessel
or other anatomical lumen such as urinary tracts and bile
ducts. Stents are often used 1n the treatment of atherosclerotic
stenosis 1n blood vessels. “Stenosis” refers to a narrowing or
constriction of the diameter of a bodily passage or orifice. In
such treatments, stents reinforce body vessels and prevent
restenosis following angioplasty in the vascular system.
“Restenosis” refers to the reoccurrence of stenosis in a blood
vessel or heart valve after 1t has been treated (as by balloon
angioplasty, stenting, or valvuloplasty) with apparent suc-
CEeSS.

The treatment of a diseased site or lesion with a stent
involves both delivery and deployment of the stent. “Deliv-
ery”’ refers to introducing and transporting the stent through a
bodily lumen to a region, such as a lesion, in a vessel that
requires treatment. “Deployment” corresponds to the
expanding of the stent within the lumen at the treatment
region. Delivery and deployment of a stent are accomplished
by positioning the stent about one end of a catheter, inserting
the end of the catheter through the skin 1nto a bodily lumen,
advancing the catheter 1n the bodily lumen to a desired treat-
ment location, expanding the stent at the treatment location,
and removing the catheter from the lumen.

In the case of a balloon expandable stent, the stent 1s
mounted about a balloon disposed on the catheter. Mounting,
the stent typically involves compressing or crimping the stent
onto the balloon. The stent 1s then expanded by inflating the
balloon. The balloon may then be deflated and the catheter
withdrawn. In the case of a self-expanding stent, the stent may
be secured to the catheter via a retractable sheath or a sock.
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When the stent 1s 1n a desired bodily location, the sheath may
be withdrawn which allows the stent to self-expand.

The stent must be capable of withstanding the structural
loads, namely radial compressive forces, imposed on the stent
as 1t supports the walls of a vessel. Therefore, a stent must
possess adequate radial strength, which 1s the ability of a stent
to resist radial compressive forces. Once expanded, the stent
must adequately maintain 1ts size and shape throughout its
service life despite the various forces that may come to bear
on 1t, including the cyclic loading induced by the beating
heart. In addition, the stent must possess sufficient flexibility
to allow for crimping, expansion, and cyclic loading.

The structure of a stent 1s typically composed of scatfold-
ing or substrate that includes a pattern or network of inter-
connecting structural elements often referred to 1n the art as
struts or bar arms. The scaffolding can be formed from wires,
tubes, or sheets of material rolled into a cylindrical shape. The
scalfolding 1s designed so that the stent can be radially com-
pressed (to allow crimping) and radially expanded (to allow
deployment).

Additionally, a medicated stent may be fabricated by coat-
ing the surface of either a metallic or polymeric scaffolding
with a polymeric carrier that includes an active or bioactive
agent or drug. Polymeric scaffolding may also serve as a
carrier of an active agent or drug.

In many treatment applications, the presence of a stent1n a
body may be necessary for a limited period of time until its
intended function of, for example, maintaining vascular
patency and/or drug delivery 1s accomplished. Therelore,
stents fabricated from biodegradable, bioabsorbable, and/or
bioerodable materials such as bioabsorbable polymers can be
configured to completely erode after the clinical need for
them has ended.

In some treatment situations, local treatment of bodily
tissue disorders with an implantable medical device may be
difficult or impossible. This 1nability may be due to the fact
that tissue disorders may be diffuse and 1n multiple locations.
Local treatment 1n such situations may require a multiplicity
of devices. For example, vascular disorders can include
lesions 1n multiple locations, such as diffuse lesions along
vessels, multi-vessel lesions, and bifurcated vessel lesions. In
addition, local treatment may be impossible because an
altlicted region of tissue may be 1maccessible to implantation
of a device. For example, a diseased vessel may be too small
for implantation of a stent.

Thus, 1t would be desirable to have an implantable medical
device that can be used to treat tissue disorders both local and
distal to the location of implantation. Additionally, it may also
be desirable for such devices to be capable of disintegrating
once a treatment regimen 1s completed.

SUMMARY OF THE INVENTION

Certain embodiments of the present invention include an
implantable medical device that may include a body structure
with at least a portion of the body structure including a plu-
rality of particles releasably bound together by an erodible
binder. The particles may be configured to be released from
the body structure of the device due to erosion of the body
structure during use of the device. The released particles may
be adapted to treat a bodily disorder.

Certain embodiments of the present invention include a
method of treating a bodily disorder using an implantable
medical device that may include disposing an implantable
medical device at an implantation bodily region. At least a
portion of a body structure of the device may include a plu-
rality of particles releasably bound together by an erodible
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binder. The particles being may be adapted to be released
from the body structure of the device due to erosion of the
body structure. The particles may be adapted to treat a bodily
disorder. The method may further include allowing at least
some of the particles to be released from the body structure of
the device.

Certain embodiments of the present invention include a
method of treating a bodily disorder using an implantable
medical device that may include disposing an implantable
medical device at an implantation bodily region. At least a
portion of a body structure of the device may include a plu-
rality of particles releasably bound together by an erodible
binder. The particles may be adapted to be released from the
body structure of the device due to erosion of the body struc-
ture. The method may further include allowing an active
agent within the particles to treat a bodily disorder at or near
the implantation region.

Certain embodiments of the present invention include a
method of fabricating an implantable medical device that may
include applying a fluid on a predefined portion of a plurality
of particles. The method may further include allowing the
fluid to releasably bind together the predefined portion of
particles with a binder to form a layer including the particles
bound together with the binder. The particles may be config-
ured to be released from the device due to erosion of the
device during use. The released particles may be adapted to
treat a bodily disorder with an active agent in the particles.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 depicts a three-dimensional view of a stent.

FIG. 2 depicts a stent mounted on a catheter within a
vascular segment.

FIG. 3 depicts a stent implanted 1n a vascular segment.

FIGS. 4-6 depict vascular segments with diseased sites.

FIG. 7A depicts a two-dimensional view of a side-wall of
a segment of a strut.

FIG. 7B depicts a close-up view of a portion of the strut
segment 1n FIG. 7A.

FI1G. 8 depicts a stent implanted 1n a vascular segment with
a diseased site.

DETAILED DESCRIPTION OF THE INVENTION

In general, treatment of a bodily disorder with an implant-
able medical device, such as a stent, may require the device to
perform several functions. In some cases, a device must be
able to provide structural support to the body tissue 1n which
it 1s implanted. Therefore, a device can have virtually any
structural pattern that 1s compatible with body tissue 1n which
it 1s implanted. In addition, a device may also deliver a bio-
active agent to an implanted region for treatment of a bodily
disorder. Furthermore, 1t may be desirable for the device to
disintegrate and disappear from the implanted region once
treatment 1s completed.

Various embodiments of the present imnvention relate to
implantable medical devices for treating bodily tissue disor-
ders local and distal to a region of implantation of the device.
In some embodiments, the device may be configured to dis-
integrate and disappear from the region of implantation once
treatment 1s completed. The device may disintegrate by one or
more mechanisms, including dissolution, chemical break-
down, and rheological forces.

The term “implantable medical devices™ includes, but 1s
not limited to, self-expandable stents, balloon-expandable
stents, stent-graits, grafts (e.g., vascular grafts such as aortic
graits), artificial heart valves, cerebrospinal fluid shunts,
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pacemaker electrodes, and endocardial leads (e.g., FINE-
LINE and ENDOTAK, available from Guidant Corporation,
Santa Clara, Calif.). The underlying structure of the device
can be of virtually any design. Implantable medical devices
may also include urethral stents, pulmonary stents, implants
for the gastro-intestinal tract, anastomotic couplers, and
implantable catheter ports (e.g., for dialysis treatment).

For the purposes of the present invention, the following
terms and definitions apply:

“Bodily disorder” refers to any condition that adversely
alfects the function of the body.

“Solvent™ 1s defined as a substance capable of dissolving or
dispersing one or more other substances or capable of at least
partially dissolving or dispersing the substance(s) to form a
unmiformly dispersed mixture at the molecular- or ionic-size
level. The solvent of a polymer should be capable of dissolv-
ing at least 0.1 mg of the polymer in 1 ml of the solvent, and
more narrowly 0.5 mg in 1 ml at ambient temperature and
ambient pressure. The “strength™ of a solvent refers to the
degree to which a solvent may dissolve a polymer. The stron-
ger a solvent 1s, the more polymer the solvent can dissolve.

“Dissolve” refers to a substance passing into solution on a
molecular scale with or without chemical breakdown of the
solid.

The term “treatment” includes prevention, reduction,
delay, stabilization, or elimination of a bodily tissue disorder,
such as a vascular disorder. In some embodiments, treatment
also 1includes repairing damage caused by the disorder and/or
mechanical intervention.

“Use’” includes delivery of a device to a treatment site and
deployment or implantation of the device at a treatment site.

A “bioactive” or “active” agent can be any substance
capable of exerting an effect including, but not limited to,
therapeutic, prophylactic, or diagnostic. Bioactive agents
may include anti-inflammatories and antiproliferatives and
other bioactive agents.

“Sintering” 1s a process of fabrication where particles are
bonded together without entirely melting the particles. Par-
ticles may be pressed together or molded into a desired shape.
A considerable amount of pressure 1s first applied to press the
particles together. Then, the particles are heated to tempera-
tures slightly below the melting point of the particle matenal.
Without entirely melting, the particles bond to each other at
their respective surfaces. A porous structure may be formed
since spaces may remain between the bonded particles.

In general, the structure of an implantable device includes
structural elements, scatfolding, or a substrate that may be the
primary source of structural support. For example, a stent
typically 1s composed of a pattern or network of circumier-
ential rings and longitudinally extending interconnecting
structural elements of struts or bar arms. In general, the struts
are arranged 1n patterns, which are designed to contact the
lumen walls of a vessel and to maintain vascular patency. A
myriad of strut patterns are known in the art for achieving
particular design goals.

FIG. 1 depicts a three-dimensional view of a stent 1 which
1s made up of struts 4. Stent 1 has interconnected cylindrical

rings 6 connected by linking struts or links 8. The embodi-
ments disclosed herein are not limited to stents or to the stent
pattern illustrated 1in FIG. 1. The embodiments are easily
applicable to other stent patterns and other devices. The varia-
tions 1n the structure of patterns are virtually unlimited.
Conventionally, a stent such as stent 1 may be fabricated
from a tube by forming a pattern with a technique such as
laser cutting. Representative examples of lasers that may be
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used include an excimer, carbon dioxide, and YAG. In other
embodiments, chemical etching may be used to form a pattern
on the elongated tube.

In some embodiments, the diameter of the stent may be
between about 0.2 mm and about 5.0 mm, or more narrowly
between about 1 mm and about 3 mm. Unless otherwise
specified, the “diameter” of the tube refers to the outside
diameter of tube.

Furthermore, bodily tissue disorders may be treated with
active agent systemically or locally. Systemic treatment
refers to administering an active agent to the body in a manner
that tends to expose the body as a whole or a substantial
portion of the body to the active agent. For example, systemic
treatment may involve administration of an active agent by
injection, mntraveneously, orally, etc. Local treatment refers to
administration of an active agent at or adjacent to the bodily
tissue disorder. For example, implantable medical devices
may provide for the local admimstration or delivery of an
active agent at a diseased site at or adjacent to the region of
implantation. Stents, for example, are used not only for
mechanical intervention, but also as vehicles for providing,
biological therapy.

A medicated device, such as a stent, may be fabricated by
coating the surface of either a metallic and/or polymeric
scalfolding to produce a drug reservoir layer on the surface.
The drug reservoir layer typically includes a polymeric car-
rier that includes an active agent or drug. To fabricate a
conventional coating, a polymer, or a blend of polymers, can
be applied on the device using commonly used techniques
known to those having ordinary skill in the art. A composition
for application to a device may include a solvent, a polymer
dissolved 1n the solvent, and an active agent dispersed 1n the
blend. The composition may be applied to the device, for
example, by immersing the device in the composition or by
spraying the composition onto the device. The solvent 1s
allowed to evaporate, leaving on the device substrate surfaces
a coating of the polymer and the active agent impregnated 1n
the polymer.

In some embodiments, scatfolding or substrate may also
serve as a carrier of an active agent or drug. For example, an
active agent may be mixed or dispersed within at least a
portion of polymeric scatiolding.

In order to provide an etficacious concentration to a dis-
cased site, systemic administration of an active agent often
produces adverse or even toxic side effects for the patient.
Local delivery may be a preferred method of treatment 1n that
smaller total levels of medication are administered in com-
parison to systemic dosages since the doses are concentrated
at a specific site. Local delivery can produce fewer side effects
and achieve more favorable results.

FIGS. 2-3 1llustrate local treatment of diseased sites 1n a
bodily lumen with a stent. FIGS. 2-3 can represent any bal-
loon expandable stent 10 with which various configurations
can be used. The explanation below can easily be adapted to
a self-expandable stent. FIG. 2 depicts a stent 10 with inter-
connected cylindrical rings 40 mounted on a catheter assem-
bly 16 which 1s used to deliver stent 10 and implant 1t 1n a
bodily lumen.

For example, a bodily lumen may include a coronary
artery, peripheral artery, or other vessel or lumen within the
body. The catheter assembly 1s configured to advance through
the patient’s vascular system by advancing over a guide wire
by any of the well-known methods known in the art. The stent
1s mounted on expandable member 22 (e.g., a balloon) and 1s
crimped tightly thereon, so that the stent and expandable
member present a low profile diameter for delivery through
the arteries.
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As shown 1n FIG. 2, a partial cross-section of an artery 24
has a diseased area or lesion 26. The diseased area may be a
small amount of plaque that has been previously treated by
angioplasty or other repair procedure. Stent 10 1s used to
repair a diseased or damaged arterial wall as shown 1n FI1G. 2,
or a dissection, or a tlap, all of which are commonly found 1n
the coronary arteries and other vessels. Stent 10 and other
embodiments of stents can also be placed and implanted
without any prior angioplasty.

In a typical procedure to implant stent 10, catheter assem-
bly 16 1s advanced through the patient’s vascular system by
well-known methods to the diseased area 26. The expandable
member or balloon 22 1s inflated by well-known means so that
it expands radially outwardly and in turn expands the stent
radially outwardly until the stent 1s apposed to the vessel wall.
The expandable member 1s then deflated and the catheter
withdrawn from the patient’s vascular system. In FIG. 3, the
implanted stent remains in the vessel after the balloon has
been deflated and the catheter assembly and guide wire have
been withdrawn from the patient.

Stent 10 holds open the artery aiter the catheter 1s with-
drawn, as illustrated by FIG. 3. As idicated above, a stent
may be formed from a cylindrical tube with a constant wall
thickness. Thus, the straight and undulating or curved com-
ponents of the stent are relatively flat 1n transverse cross-
section. Thus, when the stent 1s expanded, a flat abluminal
surface may be pressed into the wall of the artery. As a result,
the stent may not interfere with the blood flow through the
artery. After the stent 1s pressed into the wall of the artery, 1t
may become covered with endothelial cell growth which
further minimizes blood flow interference. The undulating or
curved portion of the stent provides good tacking character-
1stics to prevent stent movement within the artery. Because
cylindrical rings 40 are closely spaced at regular intervals,
they provide uniform or relatively uniform support for the
wall of the artery. Consequently the rings are well adapted to
tack up and hold in place small flaps or dissections 1n the wall
of the artery.

As discussed above, some treatments with implantable
medical devices require the presence of the device only for a
limited period of time. Once treatment 1s complete, which
may 1nclude structural tissue support and/or drug delivery, 1t
may be desirable for the stent to be removed or disappear from
the treatment location. One way of having a device disappear
may be by fabricating the device in whole or 1n part from
materials that erode or disintegrate through exposure to con-
ditions within the body. Thus, erodible portions of the device
can disappear or substantially disappear from the implant
region after the treatment regimen 1s completed. After the
process ol disintegration has been completed, no portion of
the device, or an erodible portion of the device will remain. In
some embodiments, very negligible traces or residue may be
left behind.

The terms degrade, absorb, and erode, as well as degraded,
eroded, and absorbed, are used interchangeably and refer to
maternals that are capable of being completely eroded, or
absorbed when exposed to bodily conditions. Such matenials
may be capable of being gradually resorbed, absorbed, and/or
climinated by the body. A device made of such materials may
disintegrate from a region of implantation.

The duration of a treatment period depends on the bodily
disorder that 1s being treated. In treatments of coronary heart
disease mvolving use of stents 1n diseased vessels, the dura-
tion can be 1n a range from about a month to a few years.
However, the duration 1s typically 1n a range from about six to
twelve months.




US 9,248,034 B2

7

Several mechanisms may be relied upon for erosion and
disintegration of implantable devices which include, but are
not limited to, mechanical, chemical breakdown, dissolution,
and breakdown due to rheological forces. Therefore, bodily
conditions can include, but are not limited to, all conditions

associated with bodily fluids (contact with fluids, flow of

fluids) and mechanical forces arising from body tissue 1n
direct and indirect contact with a device. The current technol-

ogy of vascular and other types of devices tend to rely prin-
cipally on chemical breakdown involving enzymatic and/or
hydrolytic cleavage of device material due to exposure to

bodily fluids such as blood.

In general, polymers can be biostable, bioabsorbable, bio-
degradable, or bioerodable. Biostable refers to polymers that
are not biodegradable. The terms biodegradable, bioabsorb-
able, and bioerodable, as well as degraded, eroded, and
absorbed, are used interchangeably and refer to polymers that
are capable of being completely eroded or absorbed after
implantation, ¢.g., when exposed to bodily fluids such as
blood and can be gradually resorbed, absorbed, and/or elimi-
nated by the body.

Chemical breakdown of biodegradable polymers results in
changes of physical and chemical properties of the polymer,
tor example, following exposure to bodily fluids 1n a vascular
environment. The changes in properties may include a
decrease 1 molecular weight, deterioration of mechanical
properties, and decrease in mass due to erosion or absorption.
Mechanical properties may correspond to strength and modu-
lus of the polymer. Deterioration of the mechanical properties
of the polymer decreases the ability of a device, for example,
to provide mechanical support 1n a vessel. The decrease in
molecular weight may be caused by, for example, hydrolysis
and/or metabolic processes. Hydrolysis 1s a chemical process
in which a molecule 1s cleaved into two parts by the addition
of a molecule of water. Consequently, the degree of degrada-
tion in the bulk of a polymer 1s strongly dependent on the
diffusivity, and hence the diffusion rate of water in the poly-
mer.

Several characteristics or parameters of the degradation
process are important 1 designing biodegradable devices.
These mnclude an average erosion rate of a device, the erosion
profile, the hali-life of the degrading polymer, and mechani-
cal stability of a device during the degradation process. The
“average erosion rate” may be an average erosion rate over
any selected time interval:

Average erosion rate=(m>—m )/ (t>—1;)

where “m” refers to mass of the device, “t” refers to a time
during erosion, and m, and m, are the masses of the device at
t, and t, during erosion. For instance, the selected time inter-
val may be between the onset of degradation and another
selected time. Other selected times, for example, may be the
time for about 25%, 50%, 75%, or 100% (complete erosion)
of the device to erode. Complete erosion may correspond
approximately to the time required for treatment by the
device. As an example of the time frame of erosion, a biode-
gradable polymeric stent may be completely eroded in about
s1X to e1ghteen months.

The “half-life” of a degrading polymer refers to the length
of time for the molecular weight of the polymer to fall to one
half of its original value. See e.g., J. C. Middleton and A. J.
Tipton, Biomaterials, Vol. 21 (23) (2000) pp. 2335-2346.

In addition, metals may be considered to be biostable or
bioerodible. Some metals are considered bioerodible since
they tend to erode or corrode relatively rapidly when
implanted or when exposed to bodily fluids. Biostable metals
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refer to metals that are not bioerodible. Biostable metals have
negligible erosion or corrosion rates when implanted or when
exposed to bodily fluds.

In general, metal erosion or corrosion mvolves a chemical
reaction between a metal surface and its environment. Ero-
sion or corrosion 1n a wet environment, such as a vascular
environment, results in removal of metal atoms from the
metal surface. The metal atoms at the surface lose electrons
and become actively charged 1ons that leave the metal to form
salts 1n solution.

Representative examples of biodegradable metals that may
be used to fabricate an implantable medical device may
include, but are not limited to, magnesium, zinc, and iron. As
an example, of the time frame of erosion, an erodible metallic
stent may be completely eroded between about a week and
about three months, or more narrowly, between about one
month and about two months.

Local treatment of some regions having bodily tissue dis-
orders may be difficult or impossible for several reasons.
Body tissue may include multiple aftlicted locations requir-
ing multiple implanted devices. An afllicted region may also
be inaccessible to implantation. Such regions may be treated
systemically. However, as pointed out above, systemic deliv-
ery has disadvantages.

As an illustration, FIGS. 4-6 depict examples of vascular
disorders that are difficult to treat locally with a stent. FIG. 4
depicts a stent 90 implanted 1n a vascular segment 100 at a
diseased site or lesion 104. Stent 10 provides mechanical
support and delivers active agents to treat lesion 104. Vascular
segment 100 also includes multiple lesions diffusely distrib-
uted 1n relation to lesion 104, such as lesions 108 and 110.
Local treatment of lesions 108 and 110 would require implan-
tation of additional stents at their respective locations.

FIG. 5 depicts a stent 112 implanted 1n a vascular segment
116 at alesion 120. At alocation distal to lesion 120, vascular
segment 116 bifurcates into vascular segments 124 and 128.
Vascular segments 124 and 128 have lesions 132 and 136.
Local treatment of lesions 132 and 136 would require implan-
tation of additional stents at their respective locations.

FIG. 6 depicts a stent 140 implanted 1n vascular segment
144 at lesion 148. Vascular segment 144 narrows distally
further down from lesion 148. A portion 152 of segment 144
has a lesion 156. However, portion 152 1s too narrow for
implantation of a stent. Treatment of a bodily lumen with a
stent 1s typically limited to a lumen diameter greater than
about 1 micron.

As indicated above, embodiments of the present imnvention
relate to implantable medical devices for treating bodily tis-
sue disorders local and distal to aregion of implantation of the
device. The devices described herein allow treatment of
aitlicted regions distal to the site of implantation of a device
without the problems associated with systemic treatment, but
with the advantages of local treatment.

In certain embodiments, an 1mplantable medical device
may include a body structure with at least a portion of the
body structure including a plurality of particles releasably
bound together by an erodible binder. The particles may be
configured to be released from the body structure of the
device due to erosion of the body structure during use of the
device. In some embodiments, the particles may be adapted to
treat a bodily disorder. For example, at least some of the
particles may include an active agent for treatment of the
disorder.

FIG. 7 1llustrates an example of a strut from a stent includ-
ing particles bound together with a binder according to an
embodiment described above. FIG. 7A depicts a two-dimen-
sional view of a sidewall of a segment of a strut 170. FIG. 7B
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shows a close-up view of a portion 174 of strut 170. Portion
174 has particles 178 bound together by binder 182. The
structure of strut 170 may also include cavities or pores 186.

In one embodiment, at least some of the released particles
may be adapted to be transported to a selected bodily region
distal from a local region of implantation. The particles may
deliver an active agent included in the particle to the distal
region for treatment of a disorder at or adjacent to the region.
The active agent may elute from the particles to treat the
disorder.

Thus, certain embodiments of a method of treating a dis-
cased region within a body may include disposing the
implantable medical device at or within an i1mplantation
bodily region. The method may further include allowing at
least some of the particles to be released from the body
structure of the device. In some embodiments, the released
particles may be transported to a bodily region distal from the
implantation bodily region to treat a bodily disorder at the
distal region. For example, the device may be a stent
implanted at or near the site of a vascular region with a lesion.
After being released from the device, the particles may be
transported to a distal or per-adventitial vasculature region
having a lesion. An active agent eluting from the particles
may treat the aftlicted distal vascular region.

In some embodiments, an active agent within the particles
may treat a bodily disorder at or near the implantation region.
The active agent may diffuse from bound and/or released
particles into bodily tissue at or near the implantation region
to treat the bodily disorder. The bodily tissue may include
outer vessel wall layers such as per adventitia.

As an example, FI1G. 8 depicts a stent 200 implanted 1n a
vascular segment 202 for treating lesion 204. Vascular seg-
ment 202 has diseased distal regions 208 and 210. Stent 200
1s adapted to release particles bound together with a binder.
Released particles 216 (not necessarily to scale) are trans-
ported 1n the direction of blood flow as shown by arrows 220.
Released particles 216 are adapted to treat distal regions 208
and 210 with an active agent within the particles.

In one embodiment, one or more of the plurality of par-
ticles may include more than one type of active agent. Alter-
natively, more than one type of particle may be released,
where different types may include different agents. Each type
ol active agent may be adapted to treat a selected bodily
disorder. For example, a particle for release from a stent may
include an antiproliferative drug and an anti-inflammatory
drug. The anti-inflammatory drug may be treat inflammation
locally prior to release and the antiproliferative drug may be
used to treat distal regions after release of the particle. In
addition, a particle may include different types of active
agents to treat different disorders 1n distal regions.

In addition, particles may be biostable or bioerodible. It 1s
generally desirable for erodible particles to have a slower
degradation rate than binder material. Additionally, a particle
material should be selected so that the particles do not
undergo substantial erosion prior to release and prior to treat-
ment of a distal region.

In certain embodiments, the particles may include nano-
particles and/or microparticles. A nanoparticle refers to a
particle with a characteristic length (e.g., diameter) in the
range of about 1 nm to about 1,000 nm. A microparticle refers
to a particle with a characteristic length 1n the range of greater
than 1,000 nm and less than about 10 micrometers.

Embodiments of the device can include numerous types
and configurations of particles. Representative examples of
materials that may be used for particles include, but are not
limited to, a biostable polymer; a bioabsorbable polymer; a
biosoluble material; a biopolymer; a biostable metal; a bio-
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erodible metal; a block copolymer of a bioabsorbable poly-
mer or a biopolymer; a ceramic material such as a bioabsorb-
able glass; salts; fullerenes; lipids; carbon nanotubes; or a
combination thereof. Particles may also include micelles or
vesicles.

Particles may have bioactive agents mixed, dispersed, or
dissolved in the particle material. Particles may also be coated
with an active agent. In other embodiments, particles can also
have an outer shell of polymer, metal, or ceramic with inner
compartment containing an active agent. In an embodiment,
particles may include bioresorbable glass with bioactive
agent encapsulating or embedded within the particle. In some
embodiments, particles may be designed to use a combination
of the above, e.g., a particle may include a polymeric drug, or
a drug impregnated core coated with a bioerodible metal. In
addition, particles may include fullerenes coated with a bio-
active agent.

As indicated, in some embodiments, particles may include
micelles. The micelles may be loaded with active agent
formed from block copolymers and/or lipids. A “micelle”
refers to an aggregate (or cluster) of surfactant molecules.
Micelles tend to form when the concentration of surfactant 1s
greater than the critical micelle concentration. “Surfactants™
refer to chemicals that are amphipathic, which means that
they contain both hydrophobic and hydrophilic groups.
Micelles can exist in different shapes, including spherical,
cylindrical, and discoidal. Micelles may be stabilized by
crosslinking of the surfactant molecules that form the micelle.

Additionally, particles may be vesicles loaded with bioac-
tive formed from block copolymers and or lipids. A vesicle 1s
a relatively small and enclosed compartment or shell formed
by at least one lipid bilayer. The vesicle may also be stabilized
by crosslinking the lipid bilayer shell.

In some embodiments, the binder that holds the particles to
the body structure of the device may be composed in whole or
in part of a bioerodible material. The binder may begin to
erode upon exposure to bodily conditions. In addition, the
particles may also be composed in whole or 1n part of an
crodible material. The release of the particles may due to
erosion of the binder and/or particles.

Representative examples of materials that may be used for
a binder include, but are not limited to, a bioabsorbable poly-
mer; a biostable, but biosoluble polymer; a biosoluble mate-
rial; a biopolymer; a biostable metal; a bioerodible metal; a
block copolymer of a bioabsorbable polymer or a biopoly-
mer; salts; bioerodible glass; or a combination thereof.

As described above, the mechanism of erosion and release
ol the particles may be due to one or more mechanisms. Inone
embodiment, erosion may be due to chemical breakdown of
the binder material. In some embodiments, at least some of
the particles can include erodible material. Erosion may also
be due to dissolution of the binder material and/or particles. It
may be advantageous for the particles to have a slower ero-
s10n rate than the binder matenal.

In other embodiments, rheological forces may facilitate
erosion of the body structure and release of the particles. For
example, the force of fluids flowing through a bodily lumen
may cause detachment of particles. The attachment of such
particles may have been weakened by erosion of binder mate-
rial that binds the particles to the body structure of the device.
Rheological forces may arise from the flow of blood and other
fluids 1n bodily lumen.

In one embodiment, the binder may include an active
agent. The binder may deliver the active agent for local treat-
ment of a bodily disorder at the location of implantation of the
device. In one embodiment, the binder may have active agent
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(s) for treating disorder(s) locally and the particles may have
active agent(s) for treating the same and/or different disorders
distally.

In other embodiments, the plurality of particles may
include particles having the same or substantially the same
treatment properties. Treatment properties may include, but
are not limited to, type(s) of active agent included 1n each
particle, release rate of active agents from the particle, deg-
radation rate, and size. In other embodiments, the plurality of
particles may have particles with different treatment proper-
ties. Some particles may have diflerent types of active agents,
different release rates than other particles, different degrada-
tion rates, and different sizes.

In some embodiments, the plurality of particles may be
arranged such that selected particles of the plurality of par-
ticles are released during a selected time or are released
according to a sequence as compared to other particles. In one
embodiment, the particles may be selected based on treatment
properties of the particles. For example, 1t may be desirable to
treat particular disorders before others 1n regions distal to the
implant location of the device. Therefore, particles having
active agents for treating such disorders may be configured to
be released prior to other particles that have other types of
active agents. Such particles may be located closer to a sur-
face of the device where they may be released sooner.

In additional embodiments, at least some of the particles
and binder may be arranged 1n at least one layer. For instance,
the device may include multiple layers of particle and binder.
In one embodiment, all or a majority of particles in a particu-
lar layer may have selected treatment properties, such as
type(s) of active agent(s) and/or drug release rate. The par-
ticles 1 layers closer to a surface of the device may be
released prior to particles in layers further from the surface.
For example, a stent may have struts having layers that run
parallel or substantially parallel to a longitudinal axis of the
strut.

In other embodiments, properties of the binder may vary
spatially in the body structure of the device so as to obtain a
selected rate and/or sequence of release of selected particles
from the body structure. One embodiment may include vary-
ing the erosion rate of the binder by using binder matenals
with different erosion rates i1n different portions of the device.
For example, the erosion rate of binder may vary by layer.

In another embodiment, the amount of binder may vary
spatially 1n the body structure so as to obtain a selected rate of
release of selected particles from the body structure. For
example, decreasing/increasing the amount of binder
between particles may tend to result 1n an increase/decrease
in the rate of release of particles from the region.

In some embodiments, the device may be configured to
disintegrate in a controlled or predictable manner. Selected
regions of a body structure may be configured to lose
mechanical integrity prior to other regions of the device. The
selected regions may have an amount of binder or binder
properties that allow the regions to lose mechanical integrity
faster.

Additionally, it may be desirable to delay or inhibit erosion
of the body structure and release of the particles during a
particular period. For example, such a time period may be
during the time that a device 1s being delivered to an implan-
tation site. It may also be desirable to delay erosion and
release after implantation to lengthen a time that the device
maintains mechanical integrity.

In some embodiments, the device may include an erodible
coating above at least some of the particles and binder.
“Above” a surface 1s defined as higher than or over a surface
measured along an axis normal to a surface, but not necessar-
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1ly 1n contact with the surface. The coating may, for example,
be composed of a bioabsorbable polymer. The coating may
delay or inhibit exposure to bodily conditions that cause
erosion of the particles and binder. Thus, the coating may be
configured to delay or inhibit erosion of the body structure of
the device and to delay and inhibit release of particles from
the body structure.

Various properties of the coating may be used to control the
delay of the erosion and release of particles. Erosion rate
depends on a number of factors including, but not limited to
chemical composition, thickness, porosity, molecular weight,
and degree of crystallimity. A thicker coating may tend to take
longer to erode, and thus, result 1n a longer delay of particle
release. A more porous coating may increase the erosion rate.
In addition, for polymers, molecular weight tends to be
inversely proportional to degradation rate. Also, a higher
degree of crystallinity tends to result 1n a lower degradation
rate. Thus, amorphous regions of a polymer may tend to have
a higher degradation rate than crystalline regions.

In terms of the chemical composition, biodegradable poly-
mers span a continuum from polymers having a relatively
constant instantaneous erosion rate with time during a degra-
dation process to polymers with an instantaneous erosion rate
that 1s strongly dependent on time. The former case corre-
sponds to surface eroding polymers, while the latter case
refers to bulk eroding polymers. The concepts of surface
eroding and bulk eroding are limiting extremes. Real systems
typically behave somewhere in between surface erosion and
bulk erosion.

As a bulk eroding polymer erodes, a decrease 1n molecular
weight of the polymer can result 1n deterioration of mechani-
cal properties and contributes to erosion or absorption of the
polymer into the bodily fluids. Therefore, the time frame of
degradation of a polymer part 1s dependent on water difiu-
sion, hydrolysis, decrease 1n molecular weight, and erosion.
During a course of treatment with a biodegradable polymeric
stent, the polymer degrades resulting in a decrease in the
molecular weight of the polymer and deterioration of
mechanical properties. Representative examples of bulk
ceroding polymers include, but are not limited to, poly(L-
lactide), poly(glycolide), poly(D,L-lactide), poly(trimethyl-
ene carbonate), polycaprolactone, and copolymers thereof.

Alternatively, a surface eroding polymer typically has rela-
tively low water diffusivity. As a result, surface erosion 1s a
heterogeneous process in which degradation and erosion tend
to occur at or near a surface of the polymer exposed to the
bodily fluids. Representative examples of surface eroding
polymers include, but are not limited to, polyorthoesters,
polyanhydrides and copolymers thereof.

Additionally, erosion of materials such as biodegradable
polymers may also be caused by metabolic or biological
activity. Metabolic action 1s caused particularly by enzyme
action leading to significant changes 1n the chemical structure
of a matenial. Enzymatic degradation of polymers mvolves
cleavage of chemical bonds 1n the polymer resulting in a
scission of the polymer backbone.

Enzymes are proteins or conjugated proteins produced by
living organisms and functioning as biochemical catalysts.
Thus, enzymatic degradation occurs by a catalytic process.
Some enzymes require other enzymes (co-enzymes) to be
present 1n order to be eflective, in some cases forming asso-
ciation complexes 1n which the coenzyme acts as a donor or
acceptor for a specific group. Enzymes accelerate the rates of
reactions while experiencing no permanent chemical modi-
fication as a result of their participation. In some embodi-
ments, a biopolymer sensitive to enzymatic degradation of
specific enzymes may be used as a binder, thereby making
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disintegration an enzyme triggered event. Alternatively, a
synthetic binder polymer susceptible to enzymatic cleavage
may be used such as a polymer with disulfide bonds.

Furthermore, it may be necessary or desirable to enhance
the mechanical stability or integrity of the device. In some
embodiments, the device may include a bioabsorbable com-
posite layer above at least some of the particles and binder.
The composite layer may also act to delay or inhibit erosion of
the binder and release of particles 1n a manner similar to the
coating described above.

As 1n the coating described above, various properties of the
composite layer may be used to control the delay of the
erosion and release of particles. The erosion rate of the com-
posite layer depends on the properties of the matrix and the
particles.

An embodiment of the composite layer may include a
plurality of particles or fibers mixed, dispersed, or embedded
with a bioabsorbable matrix. The particles of the layer may
include the same or diflerent types of particles held together
by the binder in the body structure of the device. The bioab-
sorbable matrix may include a bioerodible material, such as,
a bioabsorbable polymer or bioerodible metal. The bioab-
sorbable matrix may include the same or different materials
as the binder.

In one embodiment, the composite layer may be formed
separately from the device. The layer may be formed into a
desire shaped and then attached to the device. For example, a
layer for a stent may be 1n the shape of a tube. The layer may
be formed by various methods, such as, extrusion or injection
molding. A mixture of the matrix material and the particles
may be extruded or molded into the desired shape.

In addition, the layer may be attached to the device 1n a
number of ways. For example, at least a portion of the bioab-
sorbable matrix may be dissolved by a solvent at a surface of
the layer. Alternatively or additionally, at least a portion of the
binder may be dissolved by a solvent. The dissolved surfaces
may then be joined and the solvent removed by evaporation or
by heating.

In another embodiment, a composite layer may be formed
by applying a fluid including a solvent, a bioabsorbable poly-
mer, and particles or fibers to the device. The solvent may then
be removed by evaporation or heating, leaving a composite
layer of bioabsorbable polymer and particles over the device.

There are various embodiments of forming the implantable
medical device, described herein. In some embodiments, the
particles may be preformed and then incorporated into the
binder material. In certain embodiments, a method may
include applying a fluid on a predefined portion of a plurality
of particles. In one embodiment, the particles may be dis-
posed 1n the shape of the device. In the case of a stent, the
particles may be disposed on a mandrel, for example. In some
embodiments, the particles may be formed into the shape of a
tube, sheet, or a stent by sintering, for example. In other
embodiments, the particles may be disposed on a polymeric
or metallic substrate or scaffolding in the shape of the device.

Additionally, the method may further include allowing the
fluid to releasably bind together the predefined portion of
particles with a binder to form a layer which includes the
particles bound together with the binder. The particles not
bound by the binder may be removed.

In one embodiment, the applied fluid may include a binder
dissolved in a solvent 1n which the binder has a relatively high
solubility. Thus, after removal of all or substantially all of the
solvent, binder may be left behind which binds together the
predefined portion of particles. In an embodiment, it 1s desir-
able for the particles to have a relatively low or no solubility
in the solvent. Representative examples of solvents that may
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be used include chloroform, acetone, chlorobenzene, ethyl
acetate, 1,4-dioxane, ethylene dichloride, 2-ethyhexanol,
ethanol, methanol, and combinations thereof. The solvent and
maternals for the binder and the particles may be selected so
that the binder and particles have a desired solubility in the
solvent.

In another embodiment, the applied fluid may include a
solvent that dissolves a portion of the predefined portion of
particles. Removal of all or substantially all of the fluid allows
the dissolved portion of the particles to bind the predefined
portion of particles together. In addition, additional layers of
particles and binder may be applied in a similar manner. As
discussed above, the particles and binder may be different 1n
different layers.

In one embodiment, stereolithography may be used 1n fab-
ricating the device. “Stereolithography” or “3-D printing”
refers to a technique for manufacturing solid objects by the
sequential delivery of energy and/or matenal to specified
points 1 space to produce that solid. The manufacturing
process may be controlled by a computer using a mathemati-
cal model created with the aid of a computer. In the case of
fabricating an implantable medical device, the fluid may be
applied by an applicator, such as a nozzle, programmed to
apply the flmid 1n a pattern corresponding to the predefined
portion of particles. The pattern may be based on computer-
generated construct of the device.

In certain embodiments, a fluid applicator may be config-
ured to apply an amount and types of binder to obtain a
desired rate of erosion and selected rate and/or sequence of
release of selected particles from the body structure. For
example, a greater amount of fluid may be applied to selected
particles to increase the degree of binding between the par-
ticles which may tend to decrease rate of release of particles
and disintegration of the device.

In further embodiments, the implantable medical device
may be fabricated by forming a coating including the plurality
of particles bound together with the binder on a polymeric or
metallic substrate or scatifolding. In one embodiment, a coat-
ing may be formed by applying fluid that includes a solvent,
a bioabsorbable polymer, and particles. The solvent may then
be removed by evaporation or heating, leaving a coating
including the bioabsorbable polymer and particles over the
device.

In further embodiments, the implantable medical device
may be fabricated by applying a suspension of particles on a
polymeric or metallic substrate or scaffolding. The suspen-
sion may include particles, a solvent, and a bioabsorbable
polymer. After applying the suspension, the solvent may then
be removed by evaporation or heating, leaving the bioabsorb-
able polymer and particles. The particles may be bound
together by the bioabsorbable polymer which acts as a binder.
The particles and/or binder may include active agents. In
some embodiments, additional layers may be formed by
repeated application of suspension and removal of solvent.

In other embodiments, the particles may be formed by
self-assembly within the binder material. For example, an
amphiphilic block copolymer may be mixed with a hydro-
philic binder 1n an aqueous solution. Amphiphilic molecules
may then seli-assemble to form particles. Representative
examples of amphiphilic block copolymers include, but are
not limited to poly(ethylene glycol)-poly(lactic acid); poly
(ethylene glycol)-poly(caprolactone); poly(vinylpyrroli-
done)-poly(lactic acid). Representative examples of hydro-
philic binders include, but are not limited to, poly(ethylene
glycol), poly(vinylpyrrolidone), and poly(vinyl acetate).
Syed, David, please comment. In some embodiments,
crosslinkers may be conjugated onto the particle-forming
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block-copolymers. The particles may be further stabilized by
crosslinker activation after the formation of the particle and
binder matrix.

Representative examples of polymers that may be used for
binder and/or particles to fabricate embodiments of 1mplant-
able medical devices disclosed herein include, but are not
limited to, poly(N-acetylglucosamine) (Chitin), Chitosan,
poly(3-hydroxyvalerate), poly(lactide-co-glycolide), poly(3-
hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-hy-
droxybutyrate-co-3-hydroxyvalerate), polyorthoester, poly-
anhydride, poly(glycolic acid), poly(glycolide), poly(L-
lactic acid), poly(L-lactide), poly(D,L-lactic acid), poly(D,L
lactide), poly(L-lactide-co-D,L-lactide), poly(caprolactone)
poly(L-lactide-co-caprolactone), poly(D,L-lactide-co-ca-
prolactone), poly(glycolide-co-caprolactone), poly(trimeth-
ylene carbonate), polyester amide, poly(glycolic acid-co-tri-
methylene carbonate), co-poly(ether-esters) (e.g. PEO/PLA),
polyphosphazenes, biomolecules (such as fibrin, fibrin glue,
fibrinogen, cellulose, starch, collagen and hyaluronic acid,
clastin and hyaluronic acid), polyurethanes, silicones, poly-
esters, polyolefins, polyisobutylene and ethylene-alphaolefin
copolymers, acrylic polymers and copolymers other than
polyacrylates, vinyl halide polymers and copolymers (such as
polyvinyl chloride), polyvinyl ethers (such as polyvinyl
methyl ether), polyvinylidene halides (such as polyvi-
nylidene chloride), polyacrylonitrile, polyvinyl ketones,
polyvinyl aromatics (such as polystyrene), polyvinyl esters
(such as polyvinyl acetate), acrylonitrile-styrene copolymers,
ABS resins, polyamides (such as Nylon 66 and polycapro-
lactam), polycarbonates, polyoxymethylenes, polyimides,
polyethers, polyurethanes, rayon, rayon-triacetate, cellulose,
cellulose acetate, cellulose butyrate, cellulose acetate
butyrate, cellophane, cellulose nitrate, cellulose propionate,
cellulose ethers, and carboxymethyl cellulose. Additional
representative examples of polymers that may be especially
well suited for use 1n fabricating embodiments of implantable
medical devices disclosed herein include ethylene vinyl alco-
hol copolymer (commonly known by the generic name
EVOH or by the trade name EVAL), poly(butyl methacry-
late), poly(vinylidene fluoride-co-hexafluoropropene) (e.g.,
SOLEF 21508, available from Solvay Solexis PVDEF, Thoro-
fare, N.I.), polyvinylidene fluonide (otherwise known as
KYNAR, available from ATOFINA Chemicals, Philadelphia,
Pa.), ethylene-vinyl acetate copolymers, poly(vinyl acetate),
styrene-1sobutylene-styrene triblock copolymers, and poly-
cthylene glycol.

Representative examples of biosoluble materials that may
be used for a binder and/or particles to fabricate embodiments
of implantable medical devices disclosed herein include, but
are not limited to, poly(ethylene oxide); poly(acrylamide);
poly(vinyl alcohol); cellulose acetate; blends of biosoluble
polymer with bioabsorbable and/or biostable polymers;
N-(2-hydroxypropyl)methacrylamide; ceramic matrix com-
posites; and tyrosine based polycarbonates.

A non-polymer substrate of the device may be made of a
metallic material or an alloy such as, but not limited to, cobalt
chromium alloy (ELGILOY), stainless steel (316L), high
nitrogen stainless steel, e.g., BIODUR 108, cobalt chrome
alloy L-605, “MP35N.,” “MP20N.,” ELASTINITE (Nitinol),
tantalum, nickel-titantum alloy, platinum-iridium alloy, gold,
magnesium, or combinations thereof. “MP35N” and
“MP20N" are trade names for alloys of cobalt, nickel, chro-
mium and molybdenum available from Standard Press Steel

Co., Jenkintown, Pa. “MP335N” consists o1 35% cobalt, 35%
nickel, 20% chromium, and 10% molybdenum. “MP20N"
consists of 50% cobalt, 20% nickel, 20% chromium, and 10%

molybdenum. The substrate or coating for a device may also
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be made partially or completely from a purified biodegrad-
able, bioabsorbable, or biostable polymer.

As 1ndicated above, the particles and the binder may
include active agent(s) such as anti-inflammatories, antipro-
liferatives, and other bioactive agents.

An antiproliferative agent can be a natural proteineous
agent such as a cytotoxin or a synthetic molecule. Preferably,
the active agents include antiproliferative substances such as
actinomycin D, or derivatives and analogs thereof (manufac-

tured by Sigma-Aldrich 1001 West Saint Paul Avenue, Mil-
waukee, Wis. 53233; or COSMEGEN available from Merck)
(synonyms of actinomycin D include dactinomycin, actino-
mycin IV, actinomycin I,, actinomycin X, and actinomycin
C,), all taxoids such as taxols, docetaxel, and paclitaxel,
paclitaxel derivatives, all olimus drugs such as macrolide
antibiotics, rapamycin, everolimus, structural derivatives and
functional analogues of rapamycin, structural dertvatives and
functional analogues of everolimus, FKBP-12 mediated
mTOR inhibitors, biolimus, perfenidone, prodrugs thereof,
co-drugs thereof, and combinations thereof. Representative
rapamycin derivatives include 40-O-(3-hydroxy)propyl-ra-
pamycin, 40-0O-[2-(2-hydroxy)ethoxy]ethyl-rapamycin, or
40-O-tetrazole-rapamycin, 40-ep1-(N1-tetrazolyl)-rapamy-
cin (ABT-578 manufactured by Abbot Laboratories, Abbot
Park, Ill.), prodrugs thereof, co-drugs thereot, and combina-
tions thereof. In one embodiment, the anti-proliferative agent
1S everolimus.

An anfi-inflammatory drug can be a steroidal anti-inflam-
matory agent, a nonsteroidal anti-inflammatory agent, or a
combination thereof. In some embodiments, anti-inflamma-
tory drugs include, but are not limited to, alclofenac, alclom-
ctasone dipropionate, algestone acetonide, alpha amylase,
amcinafal, amcinafide, amienac sodium, amiprilose hydro-
chloride, anakinra, amirolac, anitrazafen, apazone, bal-
salazide disodium, bendazac, benoxaproien, benzydamine
hydrochloride, bromelains, broperamole, budesonide, car-
proien, cicloprofen, cintazone, cliprofen, clobetasol propi-
onate, clobetasone butyrate, clopirac, cloticasone propionate,
cormethasone acetate, cortodoxone, detlazacort, desonide,
desoximetasone, dexamethasone dipropionate, diclofenac
potassium, diclofenac sodium, diflorasone diacetate, diflumi-
done sodium, diflunisal, difluprednate, diftalone, dimethyl
sulfoxide, drocinonide, endrysone, enlimomab, enolicam
sodium, epirizole, etodolac, etofenamate, felbinac, fenamole,
tenbufen, fenclofenac, fenclorac, fendosal, fenpipalone, fen-
tiazac, flazalone, fluazacort, flufenamic acid, flumizole,
flunisolide acetate, flunixin, flunixin meglumine, fluocortin
butyl, fluorometholone acetate, fluquazone, flurbiprofen,
fluretofen, fluticasone propionate, furaproien, furobuien, hal-
cinonide, halobetasol propionate, halopredone acetate,
ibufenac, ibuprofen, ibuprofen aluminum, ibuprofen piconol,
1lonidap, indomethacin, indomethacin sodium, indoprofen,
indoxole, 1ntrazole, 1soflupredone acetate, 1soxepac, 1SOXi-
cam, ketoprofen, lofemizole hydrochloride, lomoxicam,
loteprednol etabonate, meclofenamate sodium, meclofe-
namic acid, meclorisone dibutyrate, mefenamic acid,
mesalamine, meseclazone, methylprednisolone suleptanate,
momiflumate, nabumetone, naproxen, naproxen sodium,
naproxol, nimazone, olsalazine sodium, orgotein, orpanoxin,
oxaprozin, oxyphenbutazone, paranyline hydrochloride, pen-
tosan polysulfate sodium, phenbutazone sodium glycerate,
pirfenidone, piroxicam, piroxicam cinnamate, piroxicam ola-
mine, pirproien, prednazate, prifelone, prodolic acid, proqua-
zone, proxazole, proxazole citrate, rimexolone, romazarit,
salcolex, salnacedin, salsalate, sanguinarium chloride, secla-
zone, sermetacin, sudoxicam, sulindac, suprofen, talmetacin,
talniflumate, talosalate, tebufelone, temdap, tenidap sodium,
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tenoxicam, tesicam, tesimide, tetrydamine, tiopinac, t1Xocor-
tol pivalate, tolmetin, tolmetin sodium, triclonide, triflumi-
date, ziddometacin, zomepirac sodium, aspirin (acetylsalicylic
acid), salicylic acid, corticosteroids, glucocorticoids, tacroli-
mus, pimecorlimus, prodrugs thereof, co-drugs thereof, and
combinations thereof. In one embodiment, the anti-inflam-
matory agent is clobetasol.

Alternatively, the anti-inflammatory may be a biological
inhibitor of promnflammatory signaling molecules. Anti-1in-
flammatory biological agents include antibodies to such bio-
logical inflammatory signaling molecules.

In addition, the particles and binder may include agents
other than antiproliferative agent or anti-inflammatory
agents. These active agents can be any agent which 1s a
therapeutic, prophylactic, or a diagnostic agent. In some
embodiments, such agents may be used 1n combination with
antiproliferative or anti-inflammatory agents. These agents
can also have anti-proliferative and/or anti-inflamnmatory
properties or can have other properties such as antineoplastic,
antiplatelet, anti-coagulant, anti-fibrin, antithrombonic, anti-
mitotic, antibiotic, antiallergic, antioxidant, and cystostatic
agents. Examples of suitable therapeutic and prophylactic
agents 1iclude synthetic morganic and organic compounds,
proteins and peptides, polysaccharides and other sugars, lip-
1ds, and DNA and RNA nucleic acid sequences having thera-
peutic, prophylactic or diagnostic activities. Nucleic acid
sequences 1nclude genes, antisense molecules which bind to
complementary DNA to inhibit transcription, and ribozymes.
Some other examples of other bioactive agents include anti-
bodies, receptor ligands, enzymes, adhesion peptides, blood
clotting factors, inhibitors or clot dissolving agents such as
streptokinase and tissue plasminogen activator, antigens for
immunization, hormones and growth factors, oligonucle-
otides such as antisense oligonucleotides and rbozymes and
retroviral vectors for use 1n gene therapy. Examples of anti-
neoplastics and/or antimitotics include methotrexate, aza-
thioprine, vincristine, vinblastine, fluorouracil, doxorubicin
hydrochloride (e.g. Adriamycin® from Pharmacia & Upjohn,
Peapack N.JI.), and mitomycin (e.g. Mutamycin® from Bris-
tol-Myers Squibb Co., Stamiord, Conn.). Examples of such
antiplatelets, anticoagulants, antifibrin, and antithrombins
include sodium heparin, low molecular weight heparins, hep-
arinoids, hirudin, argatroban, forskolin, vapiprost, prostacy-
clin and prostacyclin analogues, dextran, D-phe-pro-arg-
chloromethylketone (synthetic antithrombin), dipyridamole,
glycoprotein IIb/Il1a platelet membrane receptor antagonist
antibody, recombinant hirudin, thrombin inhibitors such as
Angiomax a (Biogen, Inc., Cambridge, Mass. ), calcium chan-
nel blockers (such as mnifedipine), colchicine, fibroblast
growth factor (FGF) antagonists, fish o1l (omega 3-fatty acid),
histamine antagonists, lovastatin (an inhibitor of HMG-CoA
reductase, a cholesterol lowering drug, brand name Meva-
cor® from Merck & Co., Inc., Whitehouse Station, N.I.),
monoclonal antibodies (such as those specific for Platelet-
Dernived Growth Factor (PDGF) receptors), nitroprusside,
phosphodiesterase 1nhibitors, prostaglandin 1nhibitors,
suramin, serotonin blockers, steroids, thioprotease inhibitors,
triazolopyrimidine (a PDGF antagonist), mitric oxide or nitric
oxide donors, super oxide dismutases, super oxide dismutase
mimetic, 4-amino-2,2,6,6-tetramethylpiperidine-1-oxyl(4-
amino- T EMPO), estradiol, anticancer agents, dietary supple-
ments such as various vitamins, and a combination thereof.
Examples of such cytostatic substance include angiopeptin,
angiotensin converting enzyme inhibitors such as captopril
(e.g. Capoten® and Capozide® from Bristol-Myers Squibb
Co., Stamford, Conn.), cilazapril or lisinopril (e.g. Printvil®
and Prinzide® from Merck & Co., Inc., Whitehouse Station,
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N.I.). An example of an antiallergic agent 1s permirolast
potassium. Other therapeutic substances or agents which may
be appropriate include alpha-interferon, and genetically engi-
neered epithelial cells. The foregoing substances are listed by
way of example and are not meant to be limiting.

Other bioactive agents may include antiinfectives such as

antiviral agents; analgesics and analgesic combinations;
anorexics; antihelmintics; antiarthritics, antiasthmatic
agents; anticonvulsants; antidepressants; antidiuretic agents;
antidiarrheals; antihistamines; antimigrain preparations;
antinauseants; antiparkinsonism drugs; antipruritics; antipsy-
chotics; antipyretics; antispasmodics; anticholinergics; sym-
pathomimetics; xanthine derivatives; cardiovascular prepara-
tions mcluding calctum channel blockers and beta-blockers
such as pindolol and antiarrhythmics; antihypertensives;
diuretics; vasodilators including general coronary; peripheral
and cerebral; central nervous system stimulants; cough and
cold preparations, including decongestants; hypnotics;
immunosuppressives; muscle relaxants; parasympatholytics;
psychostimulants; sedatives; tranquilizers; naturally derived
or genetically engineered lipoproteins; and restenoic reduc-
ing agents. Other active agents which are currently available
or that may be developed 1n the future are equally applicable.

While particular embodiments of the present mmvention
have been shown and described, 1t will be obvious to those
skilled 1n the art that changes and modifications can be made
without departing from this invention in its broader aspects.
Theretore, the appended claims are to encompass within their
scope all such changes and modifications as fall within the
true spirit and scope of this invention.

What 1s claimed 1s:

1. An implantable medical device consisting of:

a body structure consisting of erodable particles and an
crodable binder releasably binding the particles together
such that after implantation the binder erodes to release
the particles, wherein the particles have a slower erosion
rate than the binder, and wherein the particles are dis-
persed 1n the binder,

wherein the particles consist of a bioerodable polymer and
an active agent, wherein the bioerodable polymer acts as
a carrier of the active agent,

wherein the binder consists of a bioabsorbable polymer,

wherein the bioerodable polymer comprises a polymer

selected from the group consisting of poly(ethylene
oxide), poly(acrylamide), acrylic polymers and copoly-
mers other than polyacrylates, poly(vinyl alcohol),
tyrosine based polycarbonates, cellulose acetate, and
polyethylene glycol; and

optionally a coating over the body structure consisting of a

coating polymer and a drug,

wherein the device 1s a stent adapted to be implanted 1n a

bodily lumen.

2. The device of claim 1, wherein erosion 1s due to disso-
lution, chemical breakdown, and/or enzymatic degradation of
the binder and/or particles.

3. The device of claim 1, wherein rheological forces facili-
tate release of the particles from the binder.

4. The device of claim 1, wherein at least some of the
released particles are adapted to be transported to a selected
bodily region distal from a local region of implantation and to
treat the distal region with the active agent.

5. The device of claim 4, wherein the local region com-
prises a vascular region comprising a lesion and the distal
region comprises vasculature distal from the lesion and/or a

per-adventitial region.
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6. The device of claim 1, wherein the particles do not
undergo substantial erosion prior to being released from the
binder.

7. The device of claim 1, wherein the active agent 1s encap-
sulated, embedded, or dispersed within the bioerodable poly-
met.

8. The device of claim 1, wherein at least an amount of the
active agent 1s configured to be released from the bioerodable
polymer prior to the particles being released from the binder
so at to locally administer the active agent at or near a region
where the device 1s implanted.

9. The device of claim 1, wherein the active agent 1s coated
on the bioerodable polymer.

10. The device of claim 1, wherein the size of the particles
1S on a nano-scale or micro-scale.

11. The device of claim 1, wherein the particles comprise
an outer shell and an 1nner compartment comprising the
active agent.

12. The device of claim 1, wherein the active agent 1s
released subsequent to the release of the particles from the
binder.

13. The device of claim 1, wherein the particles are released
upon the degradation of the binder of the body structure, the
body structure being a scatfolding that i1s the primary source
of structural support.

14. A stent consisting of:

a scatlold consisting of particles and an erodable binder
releasably binding the particles together such that after
implantation the binder erodes to release the particles,
wherein the particles have a slower erosion rate than the
binder, wherein the particles are dispersed 1n the binder,
and wherein the particles consist of an active agent and
an amphiphilic block copolymer and the binder consists
of a hydrophilic polymer, wherein the amphiphilic block
copolymer acts as a carrier of the active agent; and

optionally a coating over the scatlold consisting of a coat-
ing polymer and a drug.

15. The stent of claim 14, wherein the amphiphilic block
copolymer 1s selected from the group consisting of poly(eth-
ylene glycol)-poly(lactic acid), poly(ethylene glycol)-poly
(caprolactone), and poly(vinylpyrrolidone)-poly(lactic acid).
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16. The stent of claim 15, wherein the hydrophilic polymer
1s selected from the group consisting of poly(ethylene gly-
col), poly(vinylpyrrolidone), and poly(vinyl acetate).

17. A stent consisting of:

a scattold consisting of particles and an erodable binder
releasably binding the particles together such that after
implantation the binder erodes to release the particles,
wherein the particles have a slower erosion rate than the
binder, wherein the particles are dispersed in the binder,
and wherein the particles consist of an active agent and
micelles consisting of amphipathic molecules having
both hydrophobic and hydrophilic groups, wherein the
binder consists of a bioabsorbable polymer, wherein the
micelles act as a carrier of the active agent, wherein the
amphipathic molecules are arranged 1n a cluster having,
a spherical, cylindrical, or discoidal shape; and

optionally a coating over the scafiold consisting of a coat-

ing polymer and a drug.

18. The stent of claim 17, wherein the micelles are stabi-
lized by crosslinking of the amphipathic molecules that form
the micelles.

19. A stent consisting of:

a scalfold consisting of particles and an erodable binder
releasably binding the particles together such that after
implantation the binder erodes to release the particles,
wherein the particles have a slower erosion rate than the
binder, wherein the particles consist of an active agent
and vesicles consisting of block copolymers or lipids,
wherein the vesicles act as a carrier for the active agent;
and

optionally a coating over the sca
ing polymer and a drug.

20. The stent of claim 19, wherein the vesicle comprises a
shell formed by at least one lipid bilayer and an enclosed
compartment.

21. The stent of claim 20, wherein the vesicle 1s stabilized
by crosslinking of the lipid bilayer shell.

22 . The stent of claim 19, wherein the active agent 1s loaded
in an enclosed compartment of the vesicle.

[l

'0ld consisting of a coat-
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